D
igital media, networking, and information technologies are now adding a new, third dimension to all forms of visual communications. Emerging 3-D media services are expected to further blur the lines between the physical and virtual worlds, and the experience associated with 3-D media will transform the way people live, work, and play. Threedimensional media will allow greater flexibility and choices for the entertainment, broadcast, education, and telecommunications industries, as well as consumers.
2010 was a breakthrough year for 3-D media. Numerous 3-D movies were released to theaters and created large revenues. The most successful films ever made are now in 3-D. Threedimensional consumer items entered the shops and stereo displays are now in the living rooms. Major events, such as the 2010 FIFA World Cup, were broadcast in 3-D, and the first commercial 3DTV channels are now on the air. Global players in consumer electronics predict that in 2015 more than 30% of all high-definition (HD) panels at home will be equipped with 3-D capabilities. Gamers can also enjoy interactive and immersive entertainment in a new dimension. Mobile phones, personal digital assistants (PDAs), laptops, and similar devices can provide us the extended visual sensation anytime, anywhere. Three-dimensional camera systems are already available for professional and private users. Unlike previous attempts to make 3-D media widely available, there are good reasons to believe that this time it will be a sustainable trend. Stereoscopic 3-D technology is now mature enough for the market in terms of quality of experience and content. There is a clear demand from the user side and attractive business opportunities are visible. The content and value chains are in place for various application scenarios. This special issue provides an overview of recent advances and discusses future directions in diverse 3-D media technologies ranging from current stereoscopy to ultrarealistic holographic video, and transmission over the current and future, wired and wireless Internet.
I. TECHNICAL CHALLENGES
need for further research and development to achieve ultrarealistic 3-D media technologies; and interest within the scientific community towards 3-D media related research is rising with many ongoing 3-D media-focused projects in Europe, Asia, and North America. This Special Issue aims to provide an overview of recent advances and discuss future directions in diverse 3-D media technologies ranging from current stereoscopy to ultrarealistic holographic 3-D video, and transmission of this media over the current and future, wired and wireless Internet. This Special Issue is organized under four main 3-D areas: media displays, media content creation, media representation and compression, and media transport and storage. A brief introduction to the papers in these areas is given in the following.
II. MEDIA DISPLAY
Even though the production and delivery chain plays an essential role in the user quality of experience of 3-D media, it is indeed the display that the end user actually interfaces with; and therefore, 3-D display technologies deserve special attention. This Special Issue features three papers on displays. The first paper, BState of the art in stereoscopic and autostereoscopic displays[ by Urey et al. presents a comprehensive overview of a category of displays that covers most of the 3-D displays that are in use today. It also presents recent developments and advances in this field. The second and third papers are on more futuristic approaches to achieve true 3-D displays: one of these papers by Cho et al., BThree-dimensional optical sensing and visualization using integral imaging,[ looks at the current state of the art, recent research results, and potential applications of integral imaging, and the other by Onural et al., BDigital holographic three-dimensional video displays,[ covers ultrarealistic holographic 3-D video displays. The paper on integral imaging also presents pickup schemes associated with this mode of imaging systems in addition to related displays. The paper on holographic displays gives an overview of the state of the art, and then provides basic signal-processing-based analysis of diffraction of light by spatial light modulators. Specifications for a satisfactory quality digital holographic video display are also derived.
III. MEDIA CONTENT CREATION
Formerly, limitations in understanding human 3-D perception and understanding capabilities of 3-D display technologies often led to poorly designed 3-D content and dissatisfying user experience. Now that human 3-D perception and capabilities/ limitations of 3-D display systems are well understood and incorporated into content-design technology and art, content creation for stereoscopic 3-D has reached a high level of maturity. However, some aspects in stereoscopic 3-D content creation can still be improved. Furthermore, many aspects of content design for advanced display systems such as autostereoscopic multiview displays, integral imaging, or holographic displays and free viewpoint navigation remain unresolved and raise new challenges for content technology and art.
Two papers in this Special Issue reflect the state of the art and open challenges in the area of content creation. The first paper, BProduction rules for stereo acquisition[ by Zilly et al., covers aspects of stereoscopic 3-D camera systems, related onset production technology, and stereography. It focuses on the actual capturing process and related technology. The second paper, BThree-dimensional video postproduction and processing,[ by Smolic et al., emphasizes the offset components and processes in the content creation workflow. It elaborates on advanced algorithms applied to captured signals in order to create high-quality 3-D content, stereoscopic and beyond.
IV. MEDIA REPRESENTATION AND COMPRESSION
The representation and compression of 3-D media has made significant advances in recent years to enable efficient delivery of high-quality audio and visual content over a broad range of distribution channels. Compression efficiency remains a key issue especially for multiview video with several views. The data format must satisfy not only the constraints imposed by various distribution channels, such as bit rate and compatibility with existing services, but it must also be easily adaptable to various types of 3-D displays and interfaces, and must adhere to constraints in the production environment.
This Special Issue includes three survey papers on 3-D media representation and compression. In the paper by Vetro et al., BOverview of the stereo and multiview video coding extensions of the H.264/MPEG-4 AVC standard,[ techniques that provide a compact representation of multiple views of a video scene are described, with emphasis on recent extensions to the widely deployed and state-of-the-art H.264/ MPEG-4 advanced video coding (AVC) standard. This paper reviews compression methods that could be applied to exploit the correlations that exist between different views of the scene, as well as representations that enable stereo services to be delivered through existing 2-D infrastructures. While these data formats offer significant advantages in terms of compression efficiency and compatibility, it has been recognized that conventional multiview representations are not ideally suited to support autostereoscopic displays, which typically require a very large number of discrete viewpoints as input. Depth-based representations of 3-D video scenes have been proposed to overcome this limitation and are discussed in the paper B3-D video representation using depth maps[ by Müller et al. It is shown that such representations have the advantage of being able to generate a large number of views at the receiver, thereby decoupling the acquisition format and transmission constraints with the display requirements. Advanced methods to compress depth-based 3-D video formats are also presented in this paper. Three-dimensional media cannot be 
V. MEDIA TRANSPORT AND STORAGE
In recent years, a number of different distribution mechanisms, such as Blu-Ray disc, cable and satellite transmission, terrestrial broadcast, and download/streaming over the Internet and mobile networks, have been augmented to enable the delivery of 3-D media to home. The four papers presented on this topic address the required infrastructure for home delivery, as well as transport and signaling protocols in order to provide interoperability of the overall distribution system and among various devices with the highest quality of experience.
The paper BTransport and storage systems for 3-D video using MPEG-2 systems, RTP, and ISO file format[ by Schierl and Narasimhan gives an overview of the standards that provide systems-level support for transport and storage of 3-D video. The paper describes extensions that have been made to MPEG-2 systems for digital broadcast and storage on Blu-Ray discs, RTP for real-time transport over the Internet and IPTV, and the ISO media file format for progressive download over the Internet. The paper by Broberg, BInfrastructures for home delivery, interfacing, captioning, and viewing of 3-D content,[ provides an insightful examination of the infrastructure that will be used for delivery of 3-D media to the home. It also considers several practical issues that are necessary to enjoy 3-D at home including audioYvideo signal interfaces between consumer products, rendering of captions without introducing depth conflicts, as well as the need for standardized eyewear. While it is possible to broadcast 3-D stereo video (two views) over digital TV platforms today, streaming over IP provides a more flexible approach for distribution of stereo and free-view 3-D media to home and mobile with different connection bandwidths and different 3-D displays. In the paper, BFlexible transport of 3-D video over networks,[ Gürler et al. take a look at beyond the state of the art in 3-D video transport research, including asymmetric stereoscopic video streaming, adaptive and peer-to-peer streaming of multiview video, view-selective streaming and future directions in broadcast of 3-D media over IP and jointly over DVB and IP. Finally, the paper BThree-dimensional media for mobile devices[ by Gotchev et al. provides an overview of technologies enabling the delivery of 3-D media to next-generation mobile devices. A case study of 3-D video broadcast over DVB-H is presented in order to illustrate the importance of joint sourcechannel optimization of 3-D video for its efficient compression and robust transmission over error-prone channels. Next-generation mobile devices are characterized through their display and user interface components. Novel methods for studying the user experience of 3-D media are also presented.
It is indeed an exciting time for 3-D media and displays. Investments in this technology have never been greater and we are finally at a stage that a high-quality 3-D experience could be provided to viewers. We hope this Special Issue provides a thorough and comprehensive set of survey papers for both researchers and practitioners that describe not only the current state of the art, but also indicate the trends in this field, as well as where future challenges and research opportunities exist. h 
ABOUT THE GUEST EDITORS

